Multi-functional Liposomes Enhancing Target and Antibacterial Immunity for Antimicrobial and Anti-Biofilm Against Methicillin-Resistant Staphylococcus aureus.
The aim of this study was to prepare wheat germ agglutinin (WGA)-modified liposomes encapsulating clarithromycin and to evaluate their in vitro and in vivo efficacy against Methicillin-resistant Staphylococcus aureus (MRSA). Physicochemical parameters, minimum inhibitory concentrations, in vitro killing kinetic, cellular uptake, biofilm formation inhibition and pre-formed biofilm destruction, biodistribution, in vivo antibacterial efficacy against MRSA, and phagocytosis into macrophages for liposomes loading clarithromycin were determined. The minimum inhibitory concentration and the time-kill curve for WGA-modified liposomal clarithromycin were better than those of free and nonmodified liposomal clarithromycin. Flow cytometry analysis displayed that liposomes could deliver more Coumarin 6, a fluorescent probe, into bacteria because of the conjugation of WGA. Besides, WGA-modified liposomal clarithromycin inhibited formation of S. aureus (ATCC 29213) and MRSA biofiom, and prompted the biofilm disassembly at lower concentrations below MIC. Effective accumulation of liposomes was displayed in the enterocoelia of the mice because of WGA. The number of MRSA colony-forming units in the kidney and spleen in mice treated with WGA-modified liposomal clarithromycin was significantly lower than that treated with free and nonmodified clarithromycin (p < 0.05). Intracellular localization of MRSA occurred in a significantly higher proportion of macrophage exposed to WGA-modified liposomes compared to those exposed to nonmodified liposomes. Liposome modified by WGA is a promising formulation for bacteria targeted delivery and immunity defensive system through macrophage improving uptake of bacteria, biodistribution, in vitro and in vivo antibacterial efficacy against MRSA.